NOTIGE;  \toea  gov6rDlnent  or  other  drawiags,  specl- 
ficatlGas  or  other  data  are  used-  for  any  ptiijjose 
other  than  in  conheGtloa  vith  a  definitely  related 
goveiament  procurement  operation^  the  U.  S* 
Government  therohy  incurs  no  responsi'bllity,  nor  any 
Ohllgatlon  uhatsoeverj  and  the  fact  that  tde  Govern¬ 
ment  may  have  foimulated/  furnished#  or  in  ^y  -May 
supplied,  the  said  drawings,  specifications,  or  other 
data  is  not  to  he  regarded  hy  Implication  or  other¬ 
wise  as  In  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  ai^  rli^ts 
or  pexmlssion  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  he  related 
thereto^ 
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Evolve  new  senar  teeiliniqnes  t©  p'ro^?ide  hiffe-power'i 
lOw-frequelieyi  broad'-band:  tinderwaibeb  Sfoand  somrces  ^ 
Tbe  wdrfe  report-ed  beTd  involved  Hiodificalion  ©if  an  inleir- 
leaved^plate  eleGirodynaMid  transdneef'  to  oorrect  design 
defieiencie's . 


i,  Tbe  interteaved-plate  eieetrodynafniG  transdnGeir 
was  modified  td  prevent  flexiine  of  tbe  driving  plates  and 
waten  stoppage  in  GonstriGted  seGtionSi  Tbe  revised  ver¬ 
sion  (Model  3E)  is  basiGally  tbe  satne  as  tbe  earlier 
modelsi  exGept  for  a  rednGtion  in  tbe  total  eleGtrieal  re- 
sistanGe  in  eaeb  set  of  plates  ^ 

2i  Tbe  present  models  of  transdtieers  and  inverters 
bave  given  many  bonrs  of  sea  operation  witb  no  serions  in» 
terrnptions , 

3.  Tbe  effieiency  of  about  1  per  eent  Gbaraeteristic  of 
the  Model  3B  males  it  unsu-itaH'e  for  other  tban  experimen¬ 
tal  appliGations  requiring  a  very  broad  usable  band  width, 

4,  Eurtber  modifications  are  outlined,  or  already  in 
progress,  to  extend  the  uSetnlness  ©f  this  tranSduGer, 


1,  Consider  the  Model  3B  transducer  suitable  for  use 
as  a  broad-band  sonic  source  in  a  variety  of  sonar  expert^ 
ments. 


2.  Gonliniie  dtevelopteaeriit  ©I  Itie  interieaved-piate 
eledtrodyrianiie  Iraasdtteeri  faodifymg  it  as  proposed  in  the 
re  port  j  to  extend  its  ns  efolness . 


Work  was  perfortaed  tander  AS  02101^  :SF  001  02  0I3 
Tas  k  8051  (KfiI3L  L3^2)  fey  rneaifoers  o^  the  Eleetrodynaniies 
and  Engineering  Design  Divisions,  feetween  Septeniiteer  1960 
and  Ootofeer  1962^  The  report  was  approved  for  publidation 
20  Deeetnfeer  1902^ 
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model  3B  design.  . .  4 
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FURTHER  design  CHANGES. . .  14 
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Ari  intgrieiaved-piate  eteelradyaaKiiic  transdlteef  was 
di©s4gft'e'd'  as  a  ibircadfeandi  liaddrwaier  sOBrad  saiasree  caipafeie 
of  delivering  an  aeoustie  otitpul  of  2Si  wafts  frona  an  an 
input  power  of  Id©  kilowatts .  TMe  original  acodel  and  an 
improved  version  (Model  3)  are  desieribed  in  earlier  re¬ 
ports .  ^  ^  Tbe  driving  components  of  tkese  models  eon^ 
sisted  of  parallel  plates  of  copper  or  aliaminum  windings 
separated  by  silieon  iron  strips .  Wben  sastained  higb- 
level  operation  of  the  transduGers  produced  evidence  of 
flexure  of  the  driving  plates,  design  miodifieation  was  under 
taken  to  eorreet  this  faulti  In  the  transdueer  des'cribed 
here  (Model  3;B|  the  tMckness  of  the  plates  was  increased 
from  -g  ineh  to'  nearly  I  inch.  Also,  the  tubing  size  was 
increased  from  3,/§  to  '5/8  inch  O.  P.  to  prevent  water 
stoppage  in  Gonstricted  sections  *  pesign  details  and  pper- 
ating  charaGteristics  of  Model  3b  are  briefly  described  in 
the  foilowing  sections »  petails  of  the  fabrication  technique 
are  given  in  an  MEL  Technical  Memorandums  ^ 


^Nayy  Electronics  Laboratory  Beport  883,  Intcrleavcd- 
Plate  Eleetrodynamic  Transducer.  Part  1:  Static  Thrust 
Analysis  by  Burwell  Goode,  11  Pesember  15S8 

^Nayy  Electronies  Laboratory  Report  995,  Into  r  leaved - 
plate  Eleetrodynamic  Transdueer.  Part  II:  Pesign  and 
Performance  Analysis  of  Model  3  by  P,  R,  Abbott, 

11  October  I960 

®Navy  Electronics  Laboratory  Technical  Memorandaim  532, 
Evolution  of  a  Water  Cooled  Wave  Winding  for  a  Recipro¬ 
cating  Motion  Linear  Drive  Electric  Motor,  by  C,  Stuart 
and  F.  R.  Abbott,  23  March  19'62:  (an  irdormal  document 
intended  primarily  for  use  within  the  Laboratory) 


IMOtMiL  3B  DESIGN 

In  dei&ign  and  opef  aision  ttoe  Jilod'el  3B  If  ansddGer  is 
feasically  tte  saisie  as  Ike  Model  S,  ®  tke  pfineipal  modifi- 
Gations  feeing  Ike  ineraase  in  ^late  ikiefenaSiS  to  neafly 
1  inGkj  and  Ike  indf  ease  in  tnfeing  size  from  3/8  t©  5/8 
incfe  O  .  Di  Tke  nonainal  design  aeOHstie  output  and  eleelfi^ 
Gal  inpul  remain  tke  same,  as  does  the  princiipal  operas 
tionial  frequency  foand  of  15  to  600  e/Si  Tke  design  ckanges 
produced  a  reduetion  in  tke  eleetriGal  resistance  of  eack 
set  of  plates. 


PHYSIOAL  DESORIBTION 

Tke  pkysicai  dimenaions  of  tke  Model  3B  transducer 
are  as  follows: 

Weigkt  1 200  pounds 


Heigkt 

7  feet 

Widtk 

3  feet 

Liengtk 

5  feet 

Volume  of  coolant  distilled  water 

7  gallons 

Maximum  amplitude  of  motion  of 
one  dome  from  normal  centered 
position 


1/  8  inek 


l^he  t  fans  due  er  dri  ve  tin  i  t  is 
made  up  of  HwelUe  indie  and 
twelve  female  plates*  Here 
t  he  mdl  S'  pi  di  es  ar  e  he  iiig 
lowered  into  the  femdle  $et. 


Ecteh  driving  plate  uses  ser^ 
petit  ine  conduoto  r  tubing 
formed  from  hi  gh^purity  round! 
aluminum,  tiihing9  5/8  ineh 
0*  B*  by  0*075  ineh  wall, 
deformed  to  3/8  inch  by  3/4 
inch*  A  stack  of  nine 
0*  0 12^  inch  sil  icon  iron 
strips,  0*975  inch  wide,  is 
inserted  between  runs  of  the 
aluminum  tubing,  with  suit^ 
able  insulation*  The  aasem^ 
hly  is  potted  in  the  alu^ 
minum  frame  with  epoxy  resin* 
Guide  pins  at  top  and  bottom 
assure  uniform  spac  ing* 
Angular  fittings  (as  shown  at 
left)  are  joined  to  the  tubes 
emerging  from  the  side  to 
provide  electrical  connect  ion 
with  other  plates  of  a  set, 
and  also  to  permit  coolant 
wat er  to  ent er  o r  erne rg e 
from  a  plate. 
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The  male  pi  dies  are  held  to 
the  cdmt  mdgnea  ium  hedde  r  hy 
cldmpe  which  facilitate 
replacement  of  d  defective 
plate  with  minimum  dtaturh“^ 
dnce  of  the  aet*  Tuhihg 
nipplea  on  angular  elect ri^ 
cdl  connec  t  ioria  perm  i t 
pdrallel  water  flow  through 
the  a eim 


Eedvy  cona tract  ion  of  end 
plates  in  female  set  is  re- 
quired  to  provide  rigidity, 
as  the  end  platea  are  not  in 
equilibrium  with  reapect  to 
tranaverae  magnetic  fields  and 
are  aubject  to  intense  mutu^ 
ally  c entral  at t rac t ion. 
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PI  as  tic  water  manifolds  are 
do  fined  ted  to  the  assembled 
dr  i  ve  uri  it^ 


Nextf  the  drive  unit  is  placed  in  its  housing  to 
rest  on  side  railsp  Teflon  bearing  strips  slide 
on  the  lubricated  rails  to  minimise  frictionm 
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OPEIIAriNG  CUARAGTEmSTlCS 

The  principal  operational  frequendy  hand'  is  15  to  '6®0 
€  lor  iutl  power  the  band  is  abotiit  25^  to  30t)'  cis.  The 
short  piilse  aconstic  source  levei  is  '95  dh:  re  1  dyne  at  1 
naeter^.  Typical  iohg-pulse  operatioii  is  at  12£)0  aniperes 
RMS  and  about  72  vblts  each^  ac  and  dc  . 


Tranamitt ing  respons a  of  int e  r 1 eav  ed- Q  ^  t  d  t rans- 
ducer  (Model  SBt)  measured  at  Pend  Oreille  Cdli^ 
hration  Station  ll/9/62\  Test  eonditionsf  tem^ 
p e ra t ure ,  1 1 • i °  Gj  d ept h ,  22 . 1  meters ;  curr en t , 

21 Q  to  SGO  amperes  input  to  end  of  cahle 
a  uppl  i  ed  wi  t  h  un  i  t  /  ^  ^  600  am pe  r  e  s  •  Th  e  p  ro 

nouneed  ant reaonane e  and  r educed  output  e v ident 
near  400  c/a  are  under  analyaia  at  this  time. 


Mteipiiai  r esistatoce  df  tMs  ftiale  plale  ,s  et  is  0 0:2:8  dhm 
and'  of  tMe  lernaie  plate  set,  0.  031  onnai 

Operation  is  ndrinally  at  1S0  t®  300  foot  deptih.  An 
air  line  witti  aatonaatie  eiectrieal  control  oosapensat'es  for 
external  statie  presstire  and  naaintains  the  plates  at  a 
relative  position  for  fnaxiniam'  eleGtroinagnetiG  thrnst. 


Here  the  transducer  unit  is  being:  lowered  from 
WSS  C07S  (MSI-l)  to  150-foot  depths  for  tests. 
The  four  300,000  air  mil  electrical  power  leads 
are  required  to  limit  transmission  loss. 


The  method  6/  mounting  the  Model  3  unite,  Oa  they 
are  ahown  here  aboard  W3S  CAPlTAilfS,  faoilitatea 
minor  repaira  at  aea. 


Pair  of  Model  3  unite  mounted  on  a  eubmar ine  deck!, 
The  tractor  inner  tube  a  connected  to  the  preaaure 
compenaation  ayatem  eerve  aa  refleotora  and  pro¬ 
vide  about  S  db  frontrto-^ba^h  rat  io  of  the 
aoouatie  field. 
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A  0001 ing  water  flow  of  40 
gallons  per  minute  at  SQ  pS i 
pressure  is  provided  by  l-^kw 
power  into  a  submersible  pump* 


Conversion  io  ac  at  the  freqneney  desired  in  operation 
is  aeoomplished  by  semiconductor  paralle]!  inverters  whieh 
are  rated  at  hundreds  of  kilowatts  and  oeeupy  only  about  10 
cubic  feet,.'!"  These  inverters  have  been  found  quite  reli¬ 
able;  the  difficulty  which  naight  be  associated  with  parallel 
balanced  operation  has  been  largely  overcome  by  the  in¬ 
creased  rating  of  the  silicon  controlled  rectifiers  (SCilfs) 


^Circuitry  for  this  type  of  inverter  is  published  in  General 
Electric  or  Westlnghouse  SCR  manuals. 
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Semiconductor  paral  1  el  inver*^ 
tera  are  used  to  convert  to 
ac  at  the  frequency  deaired  in 
operation.  The  silicon^ 
gont rol 1 ed  rec t if ie ra  ueed  in 
the  inverter  are  Weatinghouae 
SQO^ampere f  5Q0~vo It  el ementa 
in  balanced  parallel  groupa  of 
eight  to  permit  3 BOO- ampere 
cent tnuoua- duty  operation  if 
d ea  ired.  Spac  e:  re  Qui red  t  o 
contain  theae  inverters  fa 
al^out  10  cubic  feet. 
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lased  in  them*  The  SCR's  are  Westinghouse  ^OO-arnpere, 

5  00 -volt  elernents  in  fealaneed:  parallei  groups  oJ  eight  to 
permit  3200-amipere  eontiHuous-duty  operation  if  desired. 

Damage  to  the  eostly  SCR '  s  is  usually  avoide  d  by 
plaGing  an  instantaneous  magnetie  overload  relay  in  the 
lead  to  each*  Actuation  of  any  relay  opens  contactors  to 
the  naain  de  power  souree..  Loss  of  SCR's  has  been  negli^ 
gible  since  this  protective  means  was  introduGed. 

High  power  operation  is  generally  pulsedj  so  the  aver¬ 
age  power  consumption  is  about  10  kw.  Leads  njust  be 
large  to  avoid  serious  power  loss.  The  high  electric  cur¬ 
rent  input  sounds  alarnaing  but  is  no  severe  problem'  on 
shipboardj  Ice  breakers^  nuGlear  submarinss,  and  many 
other  ship  Glasses  have  high^capaGity,  three-phase,  480- 
volt  sources  aboard^  This  is  transformed  down  to  120 
volts  or  less  and  Gurrently  fed  directly  to  SCR  inverters  in 
eaoh  phase* 


FURTHER  DESIGN  CH  ANGES 

To  increase  the  usefulness  and  reliability  of  the  Model 
3B,  further  modifications  are  proposed,  or  already  under 
way,  as  follows. 

The  large  excursion  feature  exploited  with  this  deviee 
at  low  frequencies  cannot  be  realized  above  300  c/s  beGause 
of  the  mass  reactance  of  plates  and  the  liquid  media.  In¬ 
troduction  of  stiff  position-restoring  springs  to  permit 
resonant  operation  could  raise  the  practical  maximum 
usable  frequency. 

Several  units  are  being  converted  to  resonate  at  or 
below  20,0  c/s.  Such  resonance  precludes  operation  at 
lower  frequencies,  but  may  improve  performance,  by 
several  db,  in  a  band  near  resonance. 


The  Steple  slack  o>f  silieeB  iron  sheets  feetween  tufoing 
runs  in  the  drive  plates  will  be  replaced  by  sets  of  stamp¬ 
ings  to  reduce  the  reMctance  of  the  air  gap  and  thus  reduce 
input  current  requirements  *  This  change  is  expected  to 
quadruple  the  efficiency  of  the  transducer  and  naay  add 
about  Id  per  cent  to  the  cost  Of  assembly  of  the  driving 
plates..  The  first  of  these  modified  transdUGers  will  prob¬ 
ably  be  in  operation  by  the  summer  of  196  3. 

An  inverter  now  being  assembled  will  employ  eight 
40d-amperei  iO'd-volt  SCE-'s  and  occupy  S  cubic  feet  in¬ 
stead  of  the  10  cubic  feet  required  by  the  present  inverter 
unit.  Its  nominal  pulse  power  rating  will  be  2000  amperes 
at  100  volts  RMS.  The  space  requirement  is  Increased  by 
the  large  ac  Gapaeitor  which  must  parallel  the  load. 


4  hank  of  ac  capac itora  is 
ua  ed  with  the  invert  era  •  Con^^ 
vent ional  paper^type,  motors 
running  capacitora  are  uaed^ 
Provtaiqn  ia  made  foTr  plug-in 
variation  from  about  10,000  ;uf 
regtuired  below  50  c/a  doiqn  to 
a  few  hundred  pif  required  at 
1000  c/sp  Uaually  atahle 
operat ion  over  about  an  octave 
band  i a  ppa a i bl e  with  cp na tant 
oapac  i  tanc  e  * 
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CONCLUSIONS 

1*  The  presetit  models  of  transdd'Gers  aad  in^erteirs 
have  giveH  many  hOu-rS  Of  sea  operation  with  no  serions 
interruptions  .  SMtdOwn  time  lor  trontele- shooting  is  not 
severe.  The  transdneers  are  reasonably  resistant  to 
aceidents,  but  the  aGoustiO  ontput  is  Sensitive  to  poor 
pressnre  Gompensation  and  ean  be  rednGed  several  db  by 
an  excess  or  deficiency  of  about  1  psi. 

2.  The  efficienGy  Of  about  i  per  cent  charaGteristic  of 
the  Model  3B  transduGer  mahes  it  unsnitable  for  other  than 
experimental  applicatloas  demanding  very  broad  usable 
band  width. 


1 .  Consider  the  Model  3B  transducer  suitable  for  use 
as  a  broad-band  soniG  source  in  a  variety  of  sonar  experi¬ 
ments. 

2.  Continue  development  of  the  interleaved- plate 
eleetrodynamie  transducer,  modifying  it  as  proposed,  to 
extend  its  usefulness . 


The  transducer  described  in  Part  II  of  this  seraes  of  reports  \  The  transducer  described- in  Part:  H  of  this-  senes,  of  repo: 

<NEL#  .Report  ,995)  was  modified  to  ;prevent  flexure  of  the  ‘  (NEL  Report  995))  was  modified  -to  prevent  fleiaire  of  the 

‘.driving  :plate  5  and  water  ^stoppage  in  constricted  sections,.  ’  driving.  :plates’  and'  water  stoppage  in  constricted  sections. 

Design  details  ,^9 •operating  characteristics  of  the  revised-  '  i  pesigh'  details  and;  operating  characteristics  of  the  revised' 

model  are  described.  '  I.  model' are  described. 
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